INTRODUCTION {#s1}
============

Deep hypothermic circulatory arrest (DHCA) has become a worldwide specialized technique within cardiopulmonary bypass for adult aortic arch repair \[[@R01]\].

This technique provides complete visualization of the aortic arch in a bloodless field with profound neuroprotection through deep hypothermia \[[@R01],[@R02]\].

Deep hypothermia exponentially decreases cerebral metabolic rate, permitting the cessation of brain perfusion for aortic arch repair. Since the cerebral metabolic rate is not zero during DHCA, there is a risk of significant neurological ischemia, especially with DHCA durations above ( 30-40 ) minutes in adults \[[@R03],[@R04]\].

In order to minimize this cerebral risk during DHCA, perfusion adjuncts such as antegrade cerebral perfusion (ACP) and retrograde cerebral perfusion (RCP) were introduced into clinical practice \[[@R05],[@R06],[@R07]\]. Furthermore, multiple pharmacologic agents has been utilized for augmented neuroprotection during DHCA, despite the lack of definitive evidence for outcome benefit \[[@R08],[@R09]\]. Given these variables in DHCA, it is therefore possible that the conduct of adult aortic arch repair can significantly vary between institutions.

Although DHCA for adult aortic arch repair was first reported in 1975 by Griep, significant variation in the conduct of DHCA has developed amongst thoracic aortic centers around the world \[[@R10],[@R11],[@R12]\]. There are still no clinical guidelines for the practice of this specialized CPB technique in adults \[[@R09]\]. Controversy about the conduct of DHCA for optimal neuroprotection has persisted with a lack of consensus and a paucity of randomized controlled trials \[[@R09],[@R10],[@R11],[@R12],[@R13]\]. The clinical studies of adult aortic arch repair with DHCA typically focus on individual institution experience. There remains a clinical gap in the definition of best DHCA practice based on the evidence and expert consensus, although the development of international registries has recently begun to address these multiple limitations \[[@R14],[@R15],[@R16],[@R17]\].

In light of the above considerations, the purpose of this study was to evaluate the current practice of aortic arch repair in China to assess practice variations and determine opportunities for outcome improvement. The hypothesis of this study was that identified variations in the contemporary practice of DHCA for adult aortic arch repair in China might offer future opportunities for optimization of clinical outcomes.

METHODS {#s2}
=======

A 10-item questionnaire was developed by the authors to assess conduct of DHCA for adult aortic arch repair (*[see Appendix 1](see Appendix 1)*). The questionnaire, formulated both in English and Chinese, was administered at a leading thoracic aortic session at the 12^th^ International Congress of Cardiothoracic and Vascular Anesthesia (ICCVA) held during 2010 in Beijing, China. All completed surveys were then abstracted and analyzed in an electronic database. The data was summarized in tabular and graphic formats. The design and limited administration of the questionnaire precluded complex statistical analysis.

No patient or respondent identifiers were collected: participation in this study was on an anonymous basis. The study was granted expedited approval by the institutional review board at the University of Pennsylvania. In view of the observational nature of the study, subject consent was waived as well.

RESULTS {#s3}
=======

A total of 56 respondents completed the questionnaire (*Table 1*).

![Characteristics of questionnaire respondents (N=56).](hsrp-05-025-g001){#F001}

The majority of study participants were anesthesiologists who worked professionally in China. This was not a surprising observation, given that 79% of the 2010 ICCVA attendees were anesthesiologists. The majority of respondents were from low-volume surgical centers with less than one adult aortic arch repair per week. A minority of respondents were from high-volume centers with more than 100 adult aortic arch repairs per year (*Figure 1*).
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The mean DHCA time typically exceeded 30 minutes and frequently extended beyond 45 minutes (*Figure 2*).

![Typical adult aortic arch repair times.](hsrp-05-025-g003){#F003}

The degree of hypothermia selected for adult aortic arch repair with DHCA was typically profound with the majority of aortic centers conducting DHCA at temperatures below 20 degrees Celsius (*Figure 3*).
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Aortic arch repair at temperatures above 20 degrees Celsius was uncommon.

The typical clinical endpoint for cooling in DHCA was a set temperature with clinical adjuncts including electroencephalography, cerebral oximetry, internal jugular venous saturation, and bispectral index monitoring (*Figure 4).*

![Clinical endpoints for systemic cooling before Initiation of deep hypothermic circulatory arrest. IJV = Internal Jugular Vein; EEG = Electroencephalography; BIS = Bispectral Index Monitoring.](hsrp-05-025-g005){#F005}

The clinical site of temperature measurement varied widely with more than 60% of centers measuring temperature distal to the brain as reflected by their exclusion of tympanic and/or nasopharyngeal sites in their DHCA temperature monitoring profiles (*Figure 5*).

![Frequency of temperature monitoring sites for quantification of brain hypothermia in adult deep hypothermic circulatory arrest.](hsrp-05-025-g006){#F006}

The reasons for this divergence of practice were not apparent.

Cerebral perfusion adjuncts for neuroprotection during DHCA were collectively utilized at 2/3 of aortic centers as follows: RCP 16.7%, unilateral ACP 37.0%, and bilateral ACP 13% (*Figure 6*).
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Given the typically extended DHCA times, these cerebral perfusion adjuncts appear to be collectively underutilized, given that they were absent in a third of centers. The reasons for this divergence in conduct of cerebral perfusion were not apparent.

Clinical monitoring of ACP during aortic arch repair was predominantly with radial pressure monitoring and cerebral oximetry. Transcranial Doppler, ultrasound of aortic arch, and bispectral index monitoring were rarely utilized (*Figure 7*).
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While a variety of pharmacologic agents were frequently employed as neuroprotective adjuncts, steroids collectively were a universal choice. Propofol administration was also very common (*Figure 8*).

![Frequency of various agents administered for neuroprotection during adult aortic arch repair.](hsrp-05-025-g009){#F009}

DISCUSSION {#s12}
==========

This questionnaire study has sampled contemporary conduct of DHCA around China, principally in low-volume adult DHCA centers. Low-volume medical centers in China tend to perform adult aortic arch repair at profound hypothermia, defined as a temperature below 20 degrees Celsius being the common clinical endpoint for cooling. The preferred sites for temperature measurement appear, however, to be distal to the brain. Furthermore, DHCA times are commonly prolonged. There is considerable variation in the choice and conduct of adjunctive cerebral perfusion. The most common neuroprotective agents for DHCA are steroids and propofol. In this described DHCA practice model, there are opportunities for evidence-based practice improvement which will now be discussed in detail, taking the literature into account.

The site of temperature measurement that best correlates with direct brain temperature matters in adult aortic arch repair, given that hypothermia is a potent neuroprotective strategy during DHCA \[[@R18]\]. While rectal and bladder sites reliably reflect core body temperature, they are too remote to track cerebral temperature kinetics accurately during the cooling and rewarming phase before and after DHCA \[[@R19],[@R20]\]. Although the esophagus was also a preferred site for temperature measurement, its accuracy as a surrogate for brain temperature is also impaired to its proximity to the heart and aorta, rendering it too reactive and reflective of blood and/or cardioplegia temperature \[[@R20],[@R21],[@R22]\].

Multiple studies have suggested that monitoring of the tympanic and/or nasal temperatures best approximate brain temperature \[[@R23],[@R24],[@R25],[@R26],[@R27],[@R28],[@R29]\]. A major finding from our study is that neither of these two important temperature sites are monitored in more than 60% of adult aortic arch repairs with DHCA in China. The typical selected site for clinical temperature measurement during surgery is distal to the brain, significantly raising the risk of underestimating the extent of brain hypothermia during DHCA. This management technique may result in undercooling of the brain before DHCA resulting in suboptimal neuroprotection. This practice may also result in cerebral hyperthermia after DHCA resulting in suboptimal cerebral reperfusion and risk of neurological injury \[[@R30],[@R31],[@R32]\]. Based on these considerations, it is reasonable suggest that tympanic or nasopharyngeal temperature be measured as a surrogate for brain temperature during adult cardiopulmonary bypass for DHCA and adult aortic arch repair \[[@R31],[@R32]\]. The ongoing variation in temperature management is consistent with recent data from adult general cardiopulmonary bypass \[[@R33]\].

Given the prolonged DHCA times identified in this study, the conduct of DHCA for neuroprotection is importantly, given that prolonged DHCA time independently predicts for mortality, stroke and major delirium after adult aortic arch repair \[[@R34],[@R35]\]. Although the optimal neuroprotective strategy remains controversial, plain DHCA beyond 40 minutes without cerebral perfusion has a stroke rate \>10% in expert hands \[[@R36],[@R37]\]. These prolonged DHCA times identified in this study are associated with low-volume aortic centers and therefore low-volume aortic surgeons who would be expected to take longer to repair the aortic arch. In this setting, routine cerebral perfusion is a reasonable step to optimize neuroprotection \[[@R35]\]. This would be reasonably straightforward, since at least 2/3 of centers are already familiar with these techniques.

Although cerebral perfusion adjuncts were frequently reported in this study, unilateral ACP was the preferred technique. Since DHCA times are prolonged, expansion of this technique would optimize cerebral protection, since ACP appears to be the most neuroprotective in extended aortic arch repair times \[[@R01],[@R03],[@R12],[@R35]\]. Furthermore, given that it is already the predominant technique and that it is technically more straightforward than bilateral ACP, adoption of unilateral ACP as the routine cerebral perfusion during DHCA would be likely to succeed, based on the findings of this study. Unilateral ACP via the right axillary artery is a mature technique that significantly improves important outcomes in aortic arch surgery \[[@R38],[@R39],[@R40]\].

The monitoring of ACP in this study consisted predominantly of two modalities, namely radial artery pressure and cerebral oximetry. Cerebral oximetry was reported as a monitor in less than 50% of cases. Multiple studies have demonstrated that cerebral oximetry enhances the conduct of ACP by detecting cerebral malperfusion due to issues such as to an inadequate Circle of Willis and/or perfusion cannula malposition \[[@R41],[@R42],[@R43]\]. As a consequence of these outcome benefits, cerebral oximetry has already become a routine monitor for ACP at leading thoracic aortic centers \[[@R29],[@R30]\]. Based on the recent literature and the findings of our DHCA conduct study, cerebral perfusion by means of unilateral ACP with monitoring of radial arterial pressure and cerebral oximetry should be encouraged as a clinical routine for adult aortic arch repair in China.

The wide array and collective high frequency of neuroprotective agents administered for DHCA throughout China agrees with the findings of a questionnaire study from the United Kingdom \[[@R08]\]. In this English study, 83% of cardiac anesthesiologists administered a neuroprotective drug during DHCA. Steroids remain a popular choice in England and China. Furthermore, the English study documented significant variations in drug dose, timing of administration and physician conviction about the evidence supporting these agents \[[@R08]\]. The paucity of evidence complicates the development of a 'best practice' recommendation about these agents as a whole \[[@R08],[@R09]\]. Their endorsement would have to be based on a consensus of expert opinion.

This questionnaire study has the multiple limitations of a pilot study. The number of respondents was small. The number of study respondents does not necessarily represent the same number of institutions. A percentage of the respondents did not work primarily in China. Despite these limitations, the trends in the conduct of DHCA at low-volume centers in China were apparent.

CONCLUSION {#s13}
==========

Although this pilot study is limited and underpowered, it is an initial step in the evaluation of current DHCA practice for adult aortic arch repair in China. The survey results provide a snapshot that offers a summary of the practice of adult aortic arch repair at low-volume centers in China. Adult aortic arch repair in China is typically performed at profound hypothermia with a temperature below 20 degrees Celsius as the preferred clinical end-point. Current sites for temperature measurement are predominantly distal from the brain. The DHCA times are typically extend beyond 30 minutes. Adjunctive cerebral perfusion remains underutilized. The  common neuroprotective agents for DHCA are steroids and propofol.

In this described DHCA practice model, there are opportunities for practice improvement. Temperature should be measured routinely more proximal to the brain with the preferred options including the tympanic and nasal sites.

Cerebral perfusion should be routine during DHCA, with an emphasis on unilateral antegrade cerebral perfusion due to its current clinical penetration, efficacy and technical ease. Monitoring of antegrade cerebral perfusion during DHCA should routinely include radial arterial pressure and cerebral oximetry. This study has identified opportunities for practice improvement for the conduct of adult DHCA in China. The development and dissemination of a consensus-based guideline would enhance this process significantly.
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